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(54) Device and method for channel estimating an OFDM system 



(57) The present invention relates to a device (10) 
for receiving signals in a wireless orthogonal frequency 
division multiplex (OFDM) system and to a channel es- 
timation method in such a system. The data symbols 
and pilot symbols are transmitted in frequency subcar- 
riers and timeslots, whereby pilot symbols are transmit- 
ted in a continuous stream within at least one frequency 



subcarrier. A channel estimation for a data symbol is 
performed on the basis of received pilot symbols using 
a filter including a common phase error correction value 
from the continuous stream pilot symbol in the same 
timeslot as the data symbol to be channel estimated 

The present invention thereby enables a correct 
and efficient channel estimation including a common 
phase error correction to be performed. 
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Description 

[0001] The present invention relates to the channel 
estimation in a wireless orthogonal frequency division 
multiplex (OFDM) system. Particularly, the present in- 
vention relates to a device for receiving signals in a wire- 
less OFDM system and to a channel estimation method 
in a wireless OFDM system. 

[0002] Wireless OFDM communication systems are 
systems, in which communication devices, as e.g. base 
stations, communicate with other devices, as e.g. mo- 
bile terminals, over a wireless communication link. In an 
OFDM system, the entire frequency bandwidth used for 
the transmission of signals is subdivided into a plurality 
of frequency subcarriers. Adjacent frequency subcarri- 
ers are respectively orthogonal to each other. Thus, very 
high data rate communication can be achieved in OFDM 
systems. 

[0003] A transmission channel of an OFDM system 
can be characterised by a specific frequency subcarrier 
and a specific times lot. A piece of information, such as 
a data symbol, to be transmitted in that specific trans- 
mission channel is mapped onto the frequency subcar- 
rier in the specific timeslot. The data transmission in an 
OFDM system can therefore be represented by a time/ 
frequency grid. In the frequency domain, adjacent trans- 
mission channels have respectively orthogonal frequen- 
cy subcarriers. 

(0004] On the receiving side of an OFDM communi- 
cation link, as e.g. a mobile terminal receiving signals 
from a base station, a channel estimation is performed 
for each transmission channel or data symbol in order 
to optimise the demodulation in the receiver in view of 
the estimated channel quality. Hereby, a specific pilot 
symbol pattern is transmitted in the time/frequency grid 
of the OFDM communication link. The time/frequency 
location (frequency subcarrier and timeslot) of the pilot 
symbols as well as the pilot symbol itself are known to 
the receiver, so that the receiver is able to perform a 
channel estimation for data symbols transmitted in 
transmission channels different from the pilot symbols. 
A typical pilot symbol pattern with a plurality of pilot sym- 
bols placed in the frequency subcarrier/time grid of an 
OFDM system is shown in figure 2. The frequency do- 
main is subdivided into a plurality of frequency subcar- 
riers and the time domain is subdivided into a plurality 
of timeslots. Each frequency subcarrier and each times- 
lot define a transmission channel f orthe transmission of 
a data symbol or a pilot symbol. Pilot symbols are indi- 
cated by circles. In the example shown in figure 2, pilot 
symbols are transmitted in the frequency subcarrier f d1 
and in the frequency subcarrier f d2 in respectively equi- 
distant timepoints. For example, in the timeslots tj and 
t 2 , pilot symbols are transmitted on both frequency sub- 
carriers f d1 andf d2 . 

[0005] In the following, the principle of a standard 
channel estimation method in an OFDM communication 
system is described. An OFDM signal received in a re- 



ceiving device of the OFDM system after a fast Fourier 
transformation for a frequency subcarrier x and a times- 
lot i can be represented by 

5 

r x,i = s x,i xh x,i +n x,i 

whereby s xl is the transmitted data symbol, h x> , is the 
complex channel response and n xj is the adaptive White 
™ Gaussian noise for the frequency subcarrier x and the 
timeslot i. 

[0006] For almost all channel estimation schemes, 
the first step is to use the knowledge of the transmitted 
pilot symbols and the received signals to perform a 
'5 channel estimation at the frequency subcarrier/timeslot 
location of the pilot symbol. Assuming that the pilot sym- 
bols are located at the frequency carrier position x* and 
the timeslot postion i', an initial channel estimation can 
be formed by 

20 




25 [0007] In order to obtain the channel estimation val- 
ues for the frequency subcarriers and the timeslots lo- 
cated between the pilot symbols (in frequency and/or in 
time dimension), a filter is usually used. This filter can 
have several general forms, which include a one-dimen- 

30 sional form (in frequency or time), a two-dimensional 
form (in frequency and time), a two-one-dimensional 
form (first frequency and then time or vice versa) and 
the like. Further, the filter itself can have fixed or variable 
coefficients. A very simple example of an one-dimen- 

35 sional time filter based e.g. on a linear interpolation 
scheme is explained in figure 2. In this case, the channel 
estimation for the transmission channel 20, which is 
characterised by the frequency subcarrier f d1 and the 
timeslot t d , is performed on the basis of the two pilot 

40 symbols 21 and 22 in the frequency subcarrier f d1 and 
timepoints ^ and t 2 , respectively. Therefore, transmis- 
sion channel 20 to be estimated is transmitted on the 
same frequency subcarrier f d1 as the pilot symbols 21 , 
22, so that only a one-dimensional time filter is neces- 

45 sary. Thus, the channel estimation for the transmission 
channel 20 can e.g. very simply be performed on the 
basis of a linear interpolation of the channel transmis- 
sion properties of the received pilot symbols 21 and 22. 
[0008] However, all channel estimation algorithms 

50 proposed and used for OFDM communication systems 
as described above, do not take into account the effect 
of phase noise on the result of the channel estimation 
using received pilot symbols. The phase noise stems 
from the local oscillator in the receiver, which is a ran- 

55 dom pertubation of the phase of the steady sinusoidal 
waveform. There are two different kinds of phase noise. 
The first kind rotates the received signals by an amount, 
which is the same for all frequency subcarriers within 
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one OFDM symbol (within one timeslot), but varies ran- 
domly from symbol to symbol, i.e. from timeslot to times- 
lot. This first kind of phase noise is called common 
phase error (CPE) and primarily results from the lower 
frequency components of the phase noise spectrum of 5 
the local oscillator. The second kind of phase noise is 
called intercarrier interference (ICI) which works like ad- 
ditive thermal noise and primarily results from the higher 
frequency components of the phase noise spectrum of 
the local oscillator. The CPE component caused by the w 
phase noise is eliminated in known receiving devices by 
inserting a complex CPE correction module in an OFDM 
demodulator. Alternatively, the effect of the phase noise 
can be reduced by adapting a stable but expensive local 
oscillator. However, using a complex CPE correction is 
module as an additional element or a stable and expen- 
sive local oscillator raises the entire costs and the con- 
structional complexity. 

[0009] The object of the present invention is therefore 
to provide a device for receiving signals in a wireless 20 
OFDM system and a channel estimation method in a 
wireless OFDM system, which allow the implementation 
of a simple but effective channel estimation algorithm 
with a simple construction. 

[0010] The above object is achieved by a device for 25 
receiving signals in a wireless OFDM system according 
to claim 1 , in which data symbols and pilot symbols are 
transmitted in frequency subcarriers and timeslots. The 
device according to the present invention comprises re- 
ceiving means for receiving pilot symbols transmitted in 30 
a continuous stream within at least one frequency sub- 
carrier and channel estimation means for performing a 
channel estimation for a data symbol on the basis of re- 
ceived pilot symbols using a filter including a common 
phase error correction value from the continuous stream 35 
pilot symbol in the same timeslot as the data symbol to 
be channel estimated. 

[0011] Further, the above object is achieved by a 
channel estimation method in a wireless OFDM system 
according to claim 6, in which data symbols and pilot 40 
symbols are transmitted in frequency subcarriers and 
timeslots and in which pilot symbols are transmitted in 
a continuous stream within at least one frequency sub- 
carrier, whereby a channel estimation for a data symbol 
is performed on the basis of received pilot symbols using 45 
a filter including a common phase error correction value 
from the continuous stream pilot symbol in the same 
timeslot as the data symbol to be channel estimated. 
[0012] Thus, the present invention proposes a chan- 
nel estimation on the basis of received pilot symbols us- so 
ing a filter including a common phase error correction 
value. The filter can be any kind of filter. The common 
phase error correction value is obtained on the basis of 
the continuous stream pilot symbol in the same timeslot 
as the data symbol to be channel estimated. Thus, the 55 
wireless OFDM communication system of the present 
invention necessarily requires at least one continuous 
stream of pilot symbols in one of the plurality of frequen- 
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cy subcarriers. Some OFDM systems used in wireless 
communication or telecommunication scenarios have a 
high number of frequency subcarriers, so that using at 
least one entire frequency subcarrier for the transmis- 
sion of a continuous stream of pilot symbols does not 
effect the data transmission capacity too much. It has to 
be noted that the term continuous stream of pilot sym- 
bols means that each of the consecutive symbols or 
timeslots of a respective frequency subcarrier carries a 
pilot symbol, so that a continuous stream of respectively 
succeeding pilot symbols is transmitted in that frequen- 
cy subcarrier. Further, the common phase error is the 
same for all frequency subcarriers within one symbol or 
timeslot, so that using a phase error correction value 
from the pilot symbol of the continuous stream in the 
same timeslot as the data symbol to be channel estimat- 
ed ensures that the phase error can be sufficiently re- 
duced or even eliminated. Further, the present invention 
allows the integration of the common phase error cor- 
rection into the channel estimation algorithm so that the 
overall processing complexity is reduced. 
[0013] Advantageous features are claimed in the re- 
spective subclaims. 

[0014] Advantageously, the receiving means is fur- 
ther adapted to receive distributed or scattered pilot 
symbols distributed or scattered among said frequency 
subcarriers and timeslots, whereby said channel esti- 
mation means performs said channel estimation on the 
basis of at least two of said distributed pilot symbols. In 
other words, besides the continuous stream of pilot sym- 
bols in at least one frequency subcarrier, further distrib- 
uted pilot symbols are used. These distributed pilot sym- 
bols do not need to be in adjacent transmission chan- 
nels and can have a regular or an irregular pattern, as 
long as the pattern is known to the receiving device per- 
forming the channel estimation. Additionally using pilot 
symbols from the pattern of distributed pilot symbols 
makes the channel estimation on the receiving side 
more accurate and reliable and therefore further in- 
creases the receiving quality. Hereby, the channel esti- 
mation means may perform the channel estimation on 
the basis of at least two of said distributed pilot symbols 
in different timeslots using a time filter. Thus, a time filter 
on the basis of at least two pilot symbols having different 
timeslots is used together with the common phase error 
correction value from the continuous stream pilot sym- 
bol of the same timeslot as the data symbol to be chan- 
nel estimated. Hereby, a very accurate and efficient 
channel estimation can be performed. 
[0015] The channel estimation means advantageous- 
ly calculates the common phase error correction value 
on the basis of the continuous stream pilot symbol in the 
same timeslot as the data symbol to be channel estimat- 
ed and on the basis of the continuous stream pilot sym- 
bols respectively in the same timeslots as said at least 
two distributed pilot symbols. The at least two distributed 
pilot symbols are located in different timeslots so that a 
respective continuous stream pilot symbol can be found 
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in the respective same timeslots. Then, the common 
phase error correction value is calculated on the basis 
of the continuous stream pilot symbol in the same times- 
lot as the data symbol to be channel estimated and on 
the basis of the at least two continuous stream pilot sym- 
bols in the same timeslots as the distributed pilot sym- 
bols. In this case, the common phase error correction 
value is advantageously calculated on the basis of com- 
mon phase error ratios between said continuous stream 
pilot symbol in the same timeslot as the data symbol to 
be channel estimated and each of said continuous 
stream pilot symbols respectively in the same timeslot 
as said at least two distributed pilot symbols. Hereby, 
the common phase error ratios are implemented in the 
algorithm for calculating the channel estimation for the 
respective data symbol so that a simple and effective 
implementation of the entire channel estimation algo- 
rithm including a common phase error suppression is 
enabled. 

[0016] The present invention is explained in more de- 
tail in the following description in relation to the enclosed 
drawings, in which 

figure 1 shows a wireless OFDM communication 
system including a transmitting device and a receiv- 
ing device, 

figure 2 shows a subcarrier frequency and timeslot 
grid of a wireless OFDM communication system 
with a known pilot symbol pattern, and 

figure 3 shows an example of a_subcarrier frequen- 
cy and timeslot grid of an OFDM communication 
system according to the present invention having at 
least one continuous stream of pilot symbols within 
one frequency subcarrier. 

[0017] A wireless communication system comprising 
a transmitting device 1 , such as a base station, and a 
receiving device 10, such as a mobile terminal, are 
shown in figure 1. The wireless communication system 
is an OFDM system, in which data symbols are trans- 
mitted in frequency subcarriers and times lots. The entire 
frequency range is subdivided into a plu rality of frequen- 
cy subcarriers. The transmitting device 1 comprises ail 
necessary and known elements for the operation in a 
wireless OFDM communication system, such as a voice 
codec 2, a channel encoder 3, an interleaver 4, a mod- 
ulation means 5, an upconversion means 6, a power 
amplifier 7 and an antenna 8. In case that the transmit- 
ting device 1 is part of a base station or a mobile terminal 
of the OFDM system, it further comprises all necessary 
elements for receiving signals and for processing the re- 
ceived signals. 

[0018] Signals transmitted via the antenna 8 of the 
transmitting device 1 are wirelessly transmitted to a re- 
ceiving device 10 of the wireless OFDM communication 
system, optionally with the support of an intermediate 



6 

amplifying radio tower as shown. The receiving device 
10 of the wireless OFDM communication system is a 
receiving device according to the present invention and 
comprises all necessary elements for the operation in 
5 the wireless OFDM communication system, such as an 
antenna 11, a low-noise amplifier 12, a down-conver- 
sion means 13, an A/D-converter 14, a demodulation 
means 15, a channel estimation means 16, a deinter- 
leaver 17, a channel decoder 18 and a voice codec 19. 
10 In case that the receiving device 1 0 is part of a mobile 
terminal of the wireless OFDM communication system, 
rt further comprises all necessary elements for transmit- 
ting signals and processing to be transmitted signals in 
the communication system. 

15 [0019] The channel estimation means 16 performs 
the channel estimation for the transmission channels or 
data symbols received from the transmitting device 1 
and supplies the correspondingly calculated channel 
estimation values to the demodulation means 15, which 

20 correspondingly demodulates the received data sym- 
bols so that a good receiving quality is ensured. 
[0020] As stated in the introduction, the channel esti- 
mation in OFDM systems using coherent modulation as 
in the present case, the channel estimation is performed 

25 on the basis of filters or algorithms operating in the fre- 
quency and/orthe time domain. The channel estimation 
means 16 of the receiving device 10 according to the 
present invention also performs a channel estimation on 
the basis of a filter. However, the used filter includes a 

30 common phase error correction value to reduce the 
common phase error stemming from the local oscillator 
(not shown)_used in. the receiving device 10. In order to 
provide a common phase error correction value which 
can be included into the filtering and thus into the chan- 

35 nel estimation of a data symbol, a pilot symbol pattern 
is necessary, in which at least one frequency subcarrier 
a continuous stream of pilot symbols is transmitted and 
received by the receiving device 10 according to the 
present invention. A continuous stream of pilot symbols 

40 means here that each timeslot or symbol of at least one 
frequency subcarrier carries a pilot symbol, as e.g. the 
subcarriers f c1 and f^ shown in the frequency subcarrier 
and timeslot grid of a wireless OFDM system according 
to the present invention shown as an example in figure 

45 3. 

[0021] According to the present invention, a common 
phase error correction value from the continuous stream 
pilot symbol in the same timeslot as the data symbol to 
be channel estimated is used in the filter for the channel 

50 estimation. If, e.g. the data symbol 30 of the frequency/ 
time grid shown in figure 3 is to be channel estimated in 
the receiving device 10 shown in figure 1, a common 
phase error correction value from the pilot symbol 33 
which has the same timeslot t d as the data symbol 30 is 

55 used in the f ilterfor the channel estimation. The general 
construction of the filter can be of any type. 
[0022] However, better channel estimation can be 
performed if the filter is applied in more than one dimen- 
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sion (time and/or frequency). An example is shown in fer function and P d is the common phase error caused 
and explained in relation to figure 3. Here, the time/fre- by the phase noise of the data symbol to be channel 
quencygrid shows two frequency subcarriersf cl and f c2 estimated. Since the common phase error is the same 
having a continuous stream of pilot symbols transmitted for all frequency subcarriers within any one OFDM sy m- 
therein. Further, distributed pilot symbols are transmit- 5 bol or timeslot, but varies randomlyfrom symboltosym- 
ted in distributed transmission channels between the bol, P^P d *P 2 is valid. Assuming that the channel trans- 
frequency subcarriers with the continuous stream of pi- fer function stays constant between the two consecutive 
lotsymbols. In the shown example, distributed pilot sym- pilot symbols 31 and 32, C^C^Cj, is valid. This gives 
bols are transmitted in the frequency subcarriers f d1 and for the channel estimation: 
f d2 in an equidistant fashion and at the same timepoints. 10 
For example, the pilot symbol 31 is transmitted in the A 

frequency subcarrier f d1 in the same timeslot t t as the C d x[(1-vA r )xP 1 +vA'xP 2 ] 

pilot symbol 38 in the frequency subcarrier f d2 . Hereby, A 

if the transmission channel of the data symbol 30 is to [0024] It can be seen that h xJl is not equal to C d xP d . 
be channel estimated, a one-dimensional filter in the *5 Therefore, with a non-negligible common phase error, 
time domain on the basis of the pilot symbols 31 and 32 the conventional linear interpolation algorithm does not 
transmitted in the same frequency subcarrier f d1 can be work for coherent OFDM systems. According to the 
used as a filter for the channel estimation. Hereby, the present invention, the effects of the phase noise are 
common phase error correction value from the pilot compensated by using a common phase error correc- 
symbol 33 can be included in the one-dimensional time 20 tion value in the filter algorithm. For example, a modified 
filter. The pilot symbol 33 has the same timeslot t d as diagonal matrix R can be used in the channel estimation 
the data symbol 30 to be channel estimated and there- algorithm in order to compensate for the effects of the 
fore a similar or even the same phase error. phase noise: 
[0023] In the following, an example of a channel esti- 
mation according to the present invention using a time 25 * , 
domain filtering is explained. A convention channel es- \/ = w ( Rh x 
timation algorithm using exclusively time domain filter- 
ing (without commojo phase error correction) yields the [0025] The diagonal elements of the diagonal matrix 
channel estimation fy^atthe data symbol locations (fre- R contain the modification factors or common phase er- 
quency subcarrier x and timeslot i): 30 ror correction values. For example, in case that N=2, 



A T , 
>V = w / h * 

whereby w T x is a transpose of the filter column vector 
for the timeslot i and h"; is a column vector which con- 
tains a subset of size N of the initial estimates at the pilot 
symbol locations h x < h N being an integer number. In the 
present case, which is explained as an example, a time 
domain filtering is performed by using two pilot symbols 
31 , 32, spaced in time (N=2) and whereby the pilot sym- 
bols are separated by Y timeslots. Further, the wanted 
channel estimation is located at the timeslot i which is v 
timeslots from the first pilot symbol. For simple linear 
interpolation, this gives 

w,=(1-v/Y,v/Y), and 



whereby C t and C 2 are the real channel transfer func- 
tions for the two pilot symbols 31 and 32 and P 1 and P 2 
are their respective common phase errors caused by the 55 
phase noise of the local oscillator. For a coherent detec- 
tion as necessary for the coherent demodulation, 
C d xP d is required, whereby C d is the real channeltrans- 



*-[«] 

[0026] In relation to the example shown in figure 3, 
the pilot symbols 31 and 32 are used for the time filter 
but a common phase error correction value from the pilot 
symbol 33 of the continuous scheme of pilot symbols of 
the frequency subcarrier f c1 is included. The pilot symbol 
33 has the same timeslot ^ as the data symbol to be 
channel estimated. In relation to the above given equa- 
tions, can then be the common phase error ratio be- 
tween the pilot symbol 34 having the same timeslot 
as the first distributed pilot symbol 31. R 2 can be the 
common phase error ratio between the pilot symbol 33 
and the pilot symbol 35 having the same timeslot ^ as 
the second distributed pilot symbol 32. Both pilot sym- 
bols 34 and 35 are also part of the continuous stream 
of pilot symbols of the frequency subcarrier f c1 . In this 
way, a common phase error correction can be included 
in a simple and effective way into the channel estimation 
algorithm. Using the diagonal matrix R, the channel es- 
timation can be given by 

A 

h x/ =(1-v/Y)xC 1 xP 1 XR 1 +vA f xC 2 xP 2 xR 2 
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[0037j In the example giveryabove, is given as 
Rt=— , and R 2 is given as R 2 =— . 
[0029] Assuming that the channel transfer function 
stays constant, i.e. C^C d =C 2s between these consec- 
utive pilot symbols 34 and 35, this equation can be mod- 
ified to: 

A P P 

h xj =(1 -v/Y) XC 1 x P t x p^+v/Yx C 2 x P 2 x^=T d x P d 

and therefore a reliable and correct channel estimation 
for coherent OFDM systems is achieved. 
[0029] In case that a second or more frequency sub- 
carriers are provided having a continuous stream of pilot 
symbols, as e.g. frequency subcarrierf^ of the example 
shown in figure 3, further continuous stream pilot sym- 
bols can be used for the calculation of the common 
phase error correction value for the data symbol 30 to 
be channel estimated. For example, the pilot symbols 
36 and 37 of the frequency subcarrier f c2 in the same 
timeslots as the pilot symbols 34 and 35 of the frequency 
subcarrierf c1 could be used and integrated in the matrix 
R. Hereby, a very accurate common phase error correc- 
tion within the channel estimation algorithm is possible. 

Claims 

1. Device (10) for receiving signals in a wireless or- 
thogonal frequency division multiplex (OFDM) sys- 
tem, in which data symbols and pilot symbojs are 
transmitted in frequency subcarriers and timeslots, 
comprising 

receiving means (11 ) for receiving pilot symbols 
transmitted in a continuous stream within at 
least one frequency subcarrier and 
channel estimation means (16) for performing 
a channel estimation for a data symbol on the 
basis of received pilot symbols using a filter in- 
cluding a common phase error correction value 
from the continuous stream pilot symbol in the 
same timeslot as the data symbol to be channel 
estimated. 

2. Device (1 0) according to claim 1 , 
characterized In, 

that said receiving means (1 1 ) is further adapted to 
receive distributed pilot symbols distributed among 
said frequency subcarriers and timeslots, whereby 
said channel estimation means performs said chan- 
nel estimation on the basis of at least two of said 
distributed pilot symbols. 

3. Device (1 0) according to claim 2, 
characterized in, 

that said channel estimation means (16) performs 



said channel estimation on the basis of at least two 
of said distributed pilot symbols in different times- 
lots using a time filter. 

5 4. Device (1 0) according to claim 3, 
characterized in, 

that said channel estimation means (1 6) calculates 
said common phase error correction value on the 
basis of the continuous stream pilot symbol in the 
™ same timeslot as the data symbol to be channel es- 
timated and on the basis of the continuous stream 
pilot symbols respectively in the same timeslot as 
said at least two distributed pilot symbols. 

'5 5. Device (1 0) according to claim 4, 
characterized in, 

that said common phase error correction value is 
calculated on the basis of common phase error ra- 
tios between said continuous stream pilot symbol in 
20 the same timeslot as the data symbol to be channel 
estimated and each of said continuous stream pilot 
symbols respectively in the same timeslot as said 
at least two distributed pilot symbols. 

25 6. Channel estimation method in a wireless orthogo- 
nal frequency division multiplex (OFDM) system, in 
which data symbols and pilot symbols are transmit- 
ted in frequency subcarriers and timeslots and in 
which pilot symbols are transmitted in a continuous 

30 stream within at least one frequency subcarrier, 
whereby a channel estimation for a data symbol is 
performed on the basis of received pilot symbols us- 
ing a filter including a common phase error correc- 
tion value from the continuous stream pilot symbol 

35 in the same timeslot as the data symbol to be chan- 
nel estimated. 

7. Channel estimation method according to claim 6, 
characterized in, 
40 that distributed pilot symbols are distributed among 
said frequency subcarriers and timeslots, whereby 
said channel estimation is performed on the basis 
of at least two of said distributed pilot symbols. 

45 8. Channel estimation method to claim 7, 
characterized In, 

that said channel estimation is performed on the 
basis of at least two of said distributed pilot symbols 
in different timeslots using a time filter. 

50 

9. Channel estimation method according to claim 8, 
characterized In, 

that said common phase error correction value is 
calcu lated on the basis of the co ntinuous stream pilot 
55 symbol in the same timeslot as the data symbol to 
be channel estimated and on the basis of the contin- 
uous stream pilot symbols respectively in the same 
timeslot as said at least two distributed pilot symbols. 
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10. Channel estimation method according to claim 9, 
characterized in, 

that said common phase error correction value is 
calculated on the basis of common phase error ra- 
tios between said continuous stream pilot symbol in 5 
the same timeslot as the data symbol to be channel 
estimated and each of said continuous stream pilot 
symbols respectively in the same timeslot as said 
at least two distributed pilot symbols. 

10 
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